A minimum in resistivity as a function of temperature for an as-quenched Au 80 Co 20 ribbon prepared by melt-spinning using a wheel surface speed of 20 m s −1 is found at 25 K. No resistivity minimum is found for an as-quenched ribbon using a wheel surface speed of 60 m s −1 , however, upon heat treatment of this ribbon a resistivity minimum is recovered. The temperature of the minimum decreases with increasing total time of heat treatment. These observations are interpretted as evidence for the microstructural control of the Kondo effect typically found in dilute magnetic alloys in a giant magnetoresistance granular material. 72.15.Eb, 72.15.Qm 72.15.Gd, 75.70.Pa, Typeset using REVT E X * If you have read this paper and wish to be included in a mailing list (or other means of communication) that I maintain on the subject, then send
1
Giant magnetoresistance (GMR) is one mechanism controlling the magnetic field dependence of resistivity, ρ, of a material in which spin dependent scattering occurs within the bulk of, and at interfaces separating, non-magnetizable (NM) and magnetizable (M) regions.
GMR was first observed in a multilayer (ML) of Fe/Cr 1 and later in granular materials.
2,3
Among the models used to describe GMR and magnetization in these materials are models based on superparamagnetism (SPM). [4] [5] [6] [7] The SPM models do not adequately describe the low temperature and high field behaviour of ultra-fine M entities dispersed in a conducting NM matrix. To explain this descrepancy, an almost two orders of magnitude increase in the magnetocrystalline anisotropy energy density has been used 5 although equally possible is that the average magnetic moment per M ion is reduced, as has been observed in Au-Co granular GMR ribbons.
8
The Kondo effect 9 results in a reduction of the effective magnetic moment of individual M ions due to localization of conduction electrons of opposite spin. It has been reported that evidence of Kondo scattering at low temperatures can be found in Au-Fe GMR materials.
10,11
Since most NM-M alloys used at the basis for GMR materials exhibit Kondo scattering in the dilute limit 12 and local concentrations of M ions in the NM matrix may be below the concentration limit for the Kondo effect to occur (M ion concentrations typically < 0.1 at%), the expectation of a reduction in average M ion magnetic moment in GMR materials is not unreasonable. There are three identifiers of the Kondo effect: (i) a minimum in ρ below the Kondo temperature, T K , below which ρ ∝ − ln(T ), (ii) a specific heat singularity at T K , and (iii) a reduction in the M ion magnetic moment identifiable through magnetic susceptibility measurements in which the Curie-Weiss law is not followed.
The Au-Co binary alloy shows eutectic decomposition at Au 75.1 Co 24.9 and T = 996.5
• C.
Hütten et al. Hütten et al. 8 Measurement of T-MR shows significant anisotropic MR (AMR) which is due to ferromagnetic-like regions in the ribbon, the full results of these will be presented elsewhere. 16 The low field GMR is ML-like (i.e. proportional to the square of magnetization and saturating in low fields) and at high fields the magnetization and the GMR increases 18.9
